Forty-five patients received lumbar epidural block for major vaginal surgery. Twentyfive of them had, in addition,', light general anaesthesia (halothane, oxygen and spontaneous respiration). Measurements of blood loss and mean (integral) operative blood pressure were made. The group receiving halothane had a significantly lower mean integral operative blood pressure dian the group receiving lumbar epidural block alone. The mean volume of haemorrhage in the two groups was not significantly different. The possible mechanism whereby conduction anaesthesia causes a relatively bloodless operating field for vaginal surgery is discussed.
The diminished haemorrhage associated with surgery performed under conduction anaesthesia as opposed to general anaesthesia is a common clinical observation and has been substantiated quantitatively. Thus Moir (1968) in 211 patients showed that blood loss during major vaginal surgery was only one-third as great when epidural analgesia was used in combination with general anaesthesia as when general anaesthesia was used alone. It has also been noted that when surgery is performed under lumbar epidural block, the reduction in haemorrhage is obtained with much smaller falls in blood pressure than would be expected for a similar reduction in bleeding arising from the use of ganglion-blocking drugs (Wylie and Churchill-Davidson, 1966) .
This study has been designed to examine the significance of the level of the blood pressure in blood loss in major vaginal surgery.
METHODS

Selection of cases.
Forty-five patients undergoing major vaginal surgery were studied. Twenty had epidural analgesia plus sedation and twenty-five had epidural analgesia together with light halothane anaesthesia.
Patients were selected at random for inclusion in either series. Since blood loss is lower in postmenopausal cases the same proportion of these patients was selected for each group.
Anaesthesia.
Patients receiving conduction anaesthesia were premedicated with opiate and hyoscine. Lumbar epidural block was performed through a convenient interspace, the dose of drug being related to age and height approximately as suggested by Bromage (1962) . Local analgesics employed were mepivacaine 1 or 1.5 per cent, or lignocaine 1 or 1.5 per cent. Commonly, an epidural catheter was inserted and increments of analgesic injected as required. These subjects were kept lightly asleep but rousable by small intravenous injections of either sedative or ataractic-analgesic mixtures.
Patients receiving halothane in addition to conduction anaesthesia were premedicated with opiate and hyoscine or atropine. Anaesthesia was induced with thiopentone and, with the aid of suxamethonium, an oral endotracheal tube was passed. On the return of spontaneous respiration anaesthesia was maintained by allowing the patient to inhale a mixture of halothane and oxygen, either from closed circuit-vaporizer in circle system-or from a semiclosed circuitFluotec vaporizer system. Conduction block was then produced as described above. In neither of the two groups was adrenaline used with the local analgesic.
Very low concentrations of halothane were required and the blood pressures showed remarkable stability.
In one or two cases marked falls in blood pressure occurred and were treated with small increments of methylamphetamine. Any patient losing more than 250 ml of blood was transfused.
Determination of operative blood loss.
The haemoglobin dilution method was used. Immediately before the induction of anaesthesia a venous blood sample was obtained from each patient for haemoglobin determination. All the blood spilled was collected and uniformly mixed in a large known volume of water; and haemoglobin content of this solution was then measured. All haemoglobin estimations were carried out by the same technician with the same apparatus, using the cyanhaemoglobin method. The error of this measurement in the laboratory (Commonwealth Health Laboratory) is between 1.0 and 0.5 per cent.
Then total Hb loss = Hb of solution/100 x volume of solution (ml) and total blood loss = (Hb loss/Venous Hb) x 100
The total error of estimation of blood loss due to physical factors such as mixing and dilution and to short-term changes in haemoglobin concentration from haemodilution and blood transfusion amounted to about 8 per cent. This is acceptable on a comparative basis.
Blood pressure determinations.
Upon arrival in the theatre, a series of measurements of the systolic blood pressure were made until three equal readings were obtained successively at 5-minute intervals. This value was taken to be the pre-operative systolic pressure and recordings of systolic pressure were made at 5-minute intervals throughout the operation. A graphical mean of the systolic blood pressure was plotted and taken as the mean operative systolic blood pressure.
The duration of surgery was taken as the interval between the epidural injection and the insertion of the last stitch.
RESULTS
The results are presented in tables I and II. Statistical analysis of these figures showed that:
(1) The mean blood loss of the two groups was not significantly different (P = 0.402).
(2) The mean operative systolic blood pressure was higher in the group which had epidural block alone, the mean difference being 20.65 mm Hg which was statistically significant (P = 0.001).
(3) The blood pressure fell less with epidural block alone than it did when halothane was also given, the difference in fall, 12.25 per cent, being significant (P = 0.001).
(4) The duration of surgery was significantly shorter in the group which had halothane (P = 0.001).
(5) There was no correlation between the mean operative systolic blood pressure and the volume of blood lost (r = 0.15), or between the blood loss and the mean blood pressure expressed as a percentage of the pre-operative figure (r = 0.05). In this series of cases there was no correlation between the blood pressure during operation and the amount of blood loss, when calculated either for the absolute mean operative systolic blood pressure or as a fraction of the pre-operative pressure. The addition of halothane to the anaesthetic technique of lumbar epidural block did not alter the volume of blood lost in major vaginal surgery although it significantly lowered the mean operative systolic blood pressure. The operating time was significantly shorter when halothane was added, probably because the surgeons were more confident in the analgesia in anaesthetized patients, but the difference in blood loss per unit time was quite random. Lumbar epidural block therefore appears to confer an avascularity upon the operative site in major vaginal surgery which is independent of associated induced hypotension.
An explanation for this finding has to be sought. The vasomotor nerve supply to cervix and corpus uteri and vagina is derived from spinal segments T6-L2 (Johnston and Whillis, 1946) with a predominance of the lower sympathetic fibres LI, L2, (L3) (Keele and Neil, 1961) . If the lumbar epidural block spreads to involve segments T10-S3 which is the area of block required for analgesia for vaginal hysterectomy and repair, there is a concomitant paralysis of sympathetic fibres originating from segments T10-L2. Therefore there is a dilatation of the vessels of the lower limbs and also of those vessels of the pelvic organs receiving their vasomotor innervation from segments T10-L2. This vasodilatation is associated with the fall in blood pressure characteristic of conduction anaesthesia involving spinal segments of these levels. This in turn is associated with a baroreceptor response involving the unblocked sympathetic segments causing a compensatory vasoconstriction (Milwidsky and de Vries, 1948; Neumann, Foster and Rovenstine, 1945) .
Compensatory vasoconstriction involves those arterioles of the pelvic viscera which are innervated by sympathetic segments above the level of the epidural blockade. Thus at the operating site there co-exist vasoconstricted arterioles with unblocked nerve fibres and vasodilated vessels with blocked vasomotor fibres. The general hydrostatic pressure has declined; a small part of the difference in blood loss which has been noted for cases receiving conduction anaesthesia as compared with general anaesthesia is doubtless due to this fall in pressure and elevation of the operating site during surgery. The bulk of the difference in bleeding observed between cases receiving general anaesthesia only and conduction anaesthesia only is due to compensatory vasoconstriction in the operating area mediated via sympathetic fibres having their origin above the level of the block.
The results presented support this concept of compensatory vasoconstriction of vessels in the operating site. The use of halothane with an epidural block for anaesthesia for vaginal surgery significantly lowers the blood pressure but is associated with no significant decrease in blood loss. The vasodilator, halothane, dilates those vessels which are compensatorily vasoconstricted due to the epidural block; the extent to which it does so will depend upon individual susceptibility to halothane and the concentration of halothane used. Thus a reduction in haemorrhage due to halothane-induced lowering of the general hydrostatic pressure will probably be balanced by the vasodilatation occurring in the operating site.
The lack of any correlation between the degree of hypotension and the amount of blood loss has been noted. This lack of correlation is well illustrated by case number 14 in the group receiving conduction anaesthesia plus halothane. This patient, who was fit, premenopausal, slightly hypertensive and 49 years old, was given a higher block than most of the other patients. There was a very large fall in blood pressure associated with conduction anaesthesia in her case and it was only with difficulty that the systolic pressure could be maintained between 60 and 70 mm Hg throughout the operative period. Because of this she received halothane for a total period of 15 minutes only, sleep being maintained during the intervals by incremental intravenous injections of diazepam. The inference is that the local analgesic solution spread widely, causing a sympathetic blockade much higher than in the other forty-four patients. The total blood loss due to surgery in this patient was 2.4 times greater than the mean. If it is true that the principal source of the reduced haemorrhage associated with lumbar epidural block is primarily vasoconstriction of vessels of the operating site, then the phenomenon of the large fall in blood pressure associated with a large amount of haemorrhage is explicable. Obviously, the analgesic solution spread so high that all, or nearly all, the sympathetic fibres to the operation site were involved; instead of predominant site-vasoconstriction, there was vasodilatation. In the same way, there is zero correlation between amount of haemorrhage and height of blood pressure in all forty-five cases.
The concept of compensatory vasoconstriction of vessels in the operating site does not explain the decrease in haemorrhage for operations under conduction anaesthesia on other parts of the body. For example, there is a fairly widespread belief among plastic surgeons that the haemorrhage associated with the operation of palmar fasciectomy is greatly diminished if the operation is conducted under brachial plexus block. This is mere clinical impression but if it is so then this reduction in haemorrhage occurs when there is an operating field in which all the vessels are dilated. Furthermore any falls in blood pressure that occur with the use of brachial plexus block are usually either insignificant or associated with incorrect technique. Hence there is diminished haemorrhage, vasodilatation and no fall in blood pressure.
